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We study 8Be using the quadrupole quadrupole interaction in a shell model
space consisting of the valence space and 2h¯ω excitations. Whereas the largest
angular momentum in the 0p shell is J = 4, we can get up to J = 8 in the





is very close to that of the rotational model.
1
1) THE INTERACTION
We use the quadrupole-quadrupole (-χQ Q) interaction to study the low lying states of
8Be. The strength χ depends on the model space following the ’convergence prescription’
of Fayache et al[1]. There the authors choose the value of χ so that the energy of the 2+1
state matches the experimental value. In the model spaces of interest 0h¯ω, (0 + 2)h¯ω and
(0 + 2 + 4)h¯ω the values of χ are 0.5216, 0.4119, and 0.3369 MeVfm4 respectively[1]. We
will consider the 0h¯ω results which in the 0p shell should give us the Elliott SU(3) [2] results
and then compare to the (0 + 2)h¯ω results. We will be studying only the T = 0 levels in
this paper.
2) THE ROTATIONAL MODEL
The energy of a rotational band (with K = 0) is given by
EJ = AJ(J + 1) + C (1)
where A = h¯
2
2I
and I is the moment of inertia.
A simple formula for the B(E2) values within a band can be found in Bohr and Mottle-
son[3].




B(E2, KI1 ! KI2)
B(E2, 2+ ! 0+) = 5(I1K20jI2K)
2 (3)
so that the ratio of B(E2)’s can be given by a simple Clebsch Gordon coefficient.
3) THE 0h¯ω RESULTS
With Q  Q as with any Wigner + Majoranna interaction in the 0p shell, one gets an
L(L + 1) spectrum. With any choice of χ the energy of the 4+1 state of
8Be comes at 10
3
of
the energy of the 2+1 state.
We can compare the ratio of B(E2)’s using the relations given in the previous section.
For the rotational model B(E2,4
+→2+)
B(E2,2+→0+) = 1.4286 (from Eq.(3)) whereas for the shell model
calculation (and in this case for the SU(3) model as well) B(E2,4
+→2+)
B(E2,2+→0+) = 0.919. So, although
the SU(3) model gives a rotational spectrum, it does not display B(E2)’s consistent with
the rotational model.
2
4) DO ROTATIONAL BANDS EXTEND BEYOND THE SHELL MODEL LIMIT?
In the shell model in general, and in the Elliott SU(3) model in particular, the rotational
bands terminate when we reach the highest possible angular momentum in a major shell.
In 8Be this corresponds to J = 4. When we consider all 2h¯ω excitations (e.g. exciting two
particles one major shell each or one particle two major shells) we can generate states of
angular momentum as high as J = 8. The question then arises - can the rotational band
also be extended to the J = 6+1 and 8
+
1
To be considered a part of the rotational band, there are two criteria to be satisfied. First
the energy should fit the formula EJ = AJ(J +1)+C to a reasonable extent. Secondly, the
B(E2; 6+1 ! 4+1 ) should be strong. We can then also consider such properties as the static
quadrupole and magnetic moments.
The J = 6+1 state does not follow the J(J + 1) formula for a ground state band. The
rotational formula would place the state at 21.28 MeV, whereas the calculated value is 35.826
MeV. However, and this is perhaps the main point of this paper, the B(E2) for 6+1 to 4
+
1 is




= 1.1013 while for the Q Q interaction we get 1.130. This is very
close. We note also (see Table III) that the calculated magnetic g factor of the J = 2+1 , 4
+
1 ,
and 6+1 states are all one-half, lending support to the idea of a 0
+,2+,4+, and possibly 6+
band. Likewise the static quadrupole moments with values -6.226, -7.308, and -7.655 are
relatively consistent with
Q =
3K2 − J(J + 1)
(J + 1)(2J + 3)
Q0 (4)
which would yield Q0 values of 21.791,20.097, and 19.1375 respectively.




1 , and 6
+
1 states.
Up to J = 4+1 most of the particles are in the 0p shell - there are at most 0.200 particles in
the higher shells. The 6+1 though is essentially a 2h¯ω excitation in which one nucleon has
been excited through 2 major shells. (See Table III) Thus it would appear that the intrinsic
state for J = 6+1 is quite different than that for the lower J states. In summary of this
point, the 6+1 does not lie at an energy consistent with being a member in the ground state
rotational band, and its occupation numbers confirms the suspicions that it is not.
However, the electromagnetic properties stand in stark contrast to this. The magnetic
moment, static quadrupole moment, and most importantly, the calculated B(E2) to the 4+1
state are precisely the properties one would expect for the 6+1 state to be a member of the
ground state band.
3
We next consider the 8+1 state whose calculated excitation energy is 47.598 MeV. This is
somewhat higher than the rotational model estimate for a ground state band. The B(E2)
to the 6+1 discussed above is zero with the Q Q interaction, so that it cannot possibly be a
part of the ground state band. In the (0 + 2)h¯ω model space this is a pure 2p-2h state with
2 particles being excited from the 0p to the 0d-1s shell. A parity argument has previously
been given as to why such 2p-2h states are not coupled to the valence states (0p)n[4]. In
the (0 + 2)h¯ω space there is only one 8+ state and it corresponds to a maximum stretch
L = 6 S = 2. The orbital part consists of 2 particles in the p shell coupling to L0p = 2
and 2 particles in the 0d shell coupling to L0d = 4 and the total coupling being L = 6. The




+ 2µp + 2µn =
6
2
+ 2(2.793− 1.913) = 4.760 (5)
5) ROTATIONAL BANDS INVOLVING THE 6+1 and 8
+
1
We would like to see if there are lower members of rotational bands that we can associate
with 6+1 and 8
+
1 . We can use magnetic moments as a guide. (See Table III) The 6
+
1 has
a magnetic moment of 3.000 so any corresponding 4+ should have a magnetic moments of
2.000. This is obviously satisfied by the ground state band but also is also satisfied by the
4+4 state at 33.786 MeV. A further calculation reveals that this state has a strong B(E2)
with the 2+9 state at 31.725 MeV which has in turn a strong B(E2) with the state 0
+
6 which
has an excitation energy of 30.961 MeV.






6 satisfies the rotational
formula for energies well and in this sense it is more natural to associate the 6+1 state with
this band rather than the ground state band. On the other hand the B(E2)‘s within this
band are ‘weak‘. The B(E2, 6+1 ! 4+4 ) is only 0.8141 e2fm4 while B(E2, 6+1 ! 4+1 ) is 11.22
e2fm4 as previously mentioned.
For the ”2p-2h” band involving the 8+1 state the other members are the 6
+
2 at 39.543 MeV
the 4+5 at 34.419 MeV and the 2
+
10 at 32.221 MeV. It is surprising that the moment of inertia is
so large. But the intraband B(E2)’s are very large. We have B(E2, 8+1 ! 6+2 ) = 5.281e2fm4,
B(E2, 6+2 ! 4+5 ) = 8.110e2fm4 and B(E2, 4+5 ! 2+10) = 6.967e2fm4. Also these energies fit
well into a rotational formula for an excited band. It must be emphasized however that the
B(E2, 8+1 ! 6+1 ) is zero so the 8+1 cannot be a member of the ground state band.
It is worth noting that there exists in the literature evidence for a 6+ and an 8+ in 8Be[5].
The energies quoted are 25.3 MeV and 51.2 MeV respectively. The authors note that their
energies do fit the rotational formula and therefore they may have found new states of
4
the ground state rotational band. Our results indicate that the calculated 8+1 cannot be a
member of the ground state rotational band even though the predicted energy is close to
the experimental result[5]. However, our result does not contradict the experimental result
as they do not measure B(E2, 8+1 ! 6+1 ) and we do not calculate the α α decay width.
The situation with the 6+1 state is less clear. The excitation energy of this state does not
fit the rotational formula nor the experimental value. Yet the B(E2) to the 4+1 member of
the ground state band is very strong. The latter result was quite unexpected.
6) CONCLUSIONS
We find that as we go to (0 + 2)h¯ω that while the ground state band would have seemed
to end at J = 4 that the lowest 6+ connects to it very strongly even though the configuration
is very different. Furthermore, we find hints of band-like structure populating our data in
the larger space. Understanding these results would be of considerable interest.
This work was supported by the U.S. Department of Energy under grant DE-FG02-




TABLE I. The 0h¯ω excitation energies, occupation numbers, magnetic dipole moments
(MDM), and electric quadrupole moments (EQM) are given.






MDM µN EQM efm2
0+1 0.000 4 2.667 1.333 0.000 0.000
0+2 9.117 4 2.168 1.833 0.000 0.000
0+3 12.156 4 2.667 1.333 0.000 0.000
0+4 15.195 4 1.667 2.333 0.000 0.000
0+5 17.221 4 1.833 2.167 0.000 0.000
2+1 3.039 4 2.667 1.333 1.000 -4.010
2+2 9.117 4 2.917 1.083 1.380 1.786
2+3 11.143 4 2.611 1.389 1.127 -1.276
2+4 12.156 4 2.667 1.333 1.760 0.1275E-04
2+5 14.182 4 2.222 1.778 0.747 -.8749
2+6 15.195 4 2.594 1.406 1.055 2.104
2+7 15.195 4 2.225 1.775 1.336 -.1880
2+8 17.221 4 3.083 0.917 1.380 -1.276
4+1 10.130 4 2.667 1.333 2.000 -5.103
4+2 14.182 4 3.000 1.000 2.380 -1.276
4+3 15.195 4 3.333 0.667 2.760 2.552
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TABLE II. The 0h¯ω B(E2) results for J ! J-2. Values less than 0.06 omitted.
Ji Jf Ei(MeV ) Ef (MeV ) B(E2)e2fm4
4+1 2
+
1 10.130 3.039 3.333
4+2 2
+
2 14.182 9.117 1.554
4+2 2
+
3 14.182 11.143 0.4318
4+3 2
+
4 15.195 12.156 1.295
4+3 2
+
7 15.195 15.195 0.1636
2+1 0
+
1 3.039 0.000 3.627
2+2 0
+
2 9.117 9.117 0.6347
2+3 0
+
2 11.143 9.117 0.5181
2+5 0
+
2 14.182 9.117 0.7254
2+6 0
+
3 15.195 12.156 1.108
2+7 0
+
3 15.195 12.156 0.150
2+6 0
+
4 15.195 15.195 0.2591
2+7 0
+
4 15.195 15.195 0.4009
2+8 0
+
5 17.221 17.221 0.3238
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TABLE III. The (0 + 2)h¯ω excitation energies, occupation numbers, magnetic dipole moments
(MDM), and electric quadrupole moments (EQM) are given.




















MDM µN EQM efm2
0+1 0.000 3.890 2.592 1.296 0.061 0.040 0.015 0.030 0.023 0.035 0.017 0.000 0.000
0+2 11.476 3.942 2.156 1.799 0.031 0.023 0.005 0.012 0.015 0.011 0.006 0.000 0.000
0+3 16.259 3.980 2.668 1.334 0.010 0.007 0.001 0.000 0.000 0.000 0.000 0.000 0.000
0+4 18.382 3.981 1.685 2.304 0.009 0.009 0.000 0.001 0.010 0.000 0.000 0.000 0.000
0+5 20.180 3.987 1.853 2.133 0.007 0.006 0.001 0.004 0.005 0.003 0.002 0.000 0.000
2+1 3.045 3.895 2.591 1.295 0.061 0.040 0.012 0.038 0.029 0.026 0.013 1.000 -6.226
2+2 11.476 3.942 2.877 1.078 0.033 0.021 0.005 0.017 0.010 0.012 0.006 1.380 2.371
2+3 13.756 3.951 2.586 1.373 0.028 0.020 0.003 0.015 0.015 0.005 0.003 1.127 -1.624
2+4 16.221 3.956 2.214 1.737 0.025 0.021 0.001 0.016 0.025 0.002 0.001 0.7467 -1.581
2+5 16.259 3.980 2.668 1.334 0.010 0.007 0.001 0.000 0.000 0.000 0.000 1.760 0.002154
4+1 10.460 3.913 2.592 1.296 0.056 0.038 0.004 0.051 0.039 0.008 0.004 2.000 -7.308
4+2 16.221 3.956 2.950 1.002 0.030 0.017 0.001 0.029 0.012 0.002 0.001 2.380 -2.307
4+3 18.382 3.981 3.309 0.680 0.012 0.006 0.000 0.009 0.001 0.001 0.000 2.760 3.292
4+4 33.786 3.618 2.357 1.178 0.225 0.150 0.049 0.178 0.134 0.074 0.037 2.000 -5.370
4+5 34.419 3.999 1.539 0.462 1.039 0.232 0.727 0.000 0.000 0.000 0.000 2.760 -5.458
6+1 35.823 3.594 2.247 1.123 0.286 0.191 0.000 0.319 0.240 0.000 0.000 3.000 -7.655
6+2 39.543 3.999 1.755 0.246 1.481 0.075 0.442 0.000 0.000 0.000 0.000 3.760 -6.951
6+3 42.162 3.560 2.541 0.871 0.326 0.171 0.000 0.387 0.144 0.000 0.000 3.380 -3.828
6+4 46.075 3.590 2.826 0.647 0.378 0.148 0.000 0.474 0.018 0.000 0.000 3.760 -0.7135E-4
6+5 46.698 3.138 2.489 1.254 0.586 0.514 0.000 0.010 0.009 0.000 0.000 3.054 -7.108
8+1 47.598 4.000 2.000 0.000 2.000 0.000 0.000 0.000 0.000 0.000 0.000 4.760 -7.655
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TABLE IV. The (0 + 2)h¯ω B(E2) results for J ! J-2. Values less than 0.03 omitted.
Ji Jf Ei(MeV ) Ef (MeV ) B(E2)e2fm4
8+1 6
+
2 47.598 39.543 5.281
8+1 6
+
1 47.598 35.823 0.000
6+1 4
+
1 35.823 10.460 11.22
6+3 4
+
2 42.162 16.221 8.221
6+4 4
+
3 46.075 18.382 5.561
6+1 4
+
4 35.823 33.786 0.8141
6+2 4
+
5 39.543 34.419 8.110
4+1 2
+
1 10.460 3.045 9.931
4+4 2
+
1 33.786 3.045 4.662
4+2 2
+
2 16.221 11.476 3.812
4+2 2
+
3 16.221 13.756 0.8166
4+3 2
+
4 18.382 16.221 1.904
4+4 2
+
9 33.786 31.725 2.468
4+5 2
+
10 34.419 32.221 6.967
2+1 0
+
1 3.045 0.000 9.430
2+3 0
+
2 13.756 11.476 1.119
2+4 0
+
2 16.221 11.476 1.612
2+9 0
+
6 31.725 30.961 1.738
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